(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organ^ttRii 
Intematioil Ireau 



(43) International Publication Date 
29 April 2004 (29.04.2004) 




PCT 






(10) International Publication Number 

WO 2004/035842 Al 



(51) International Patent Classification 7 : 
3/00, 3/44, 34/12 



C22B 3/08, (74) Agent: GRIFFITH HACK; 509 St Kilda Road, Mel- 
bourne, Victoria 3004 (AU). 



(21) International Application Number: 

PCT/AU2003/001385 

(22) International Filing Date: 17 October 2003 (17.10.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 
2002952155 



18 October 2002 (18.10.2002) AU 



(71) Applicant (for alt designated States except US): BHP BIL- 
LITON INNOVATION PTY LTD [AU/AU]; 180 Lons 
dale Street, Melbourne, Victoria 3000 (AU). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): ROCHE, Eric, Gir- 
van [AU/AU]; Vale Street, Shortland, New South Wales 
2307 (AU). STUART, Alan, David [AU/AU]; Vale Street, 
Shortland, New South Wales 2307 (AU). GRAZIER, 
Philip, Ernest [AU/AU]; Vale Street, Shortland, New 
South Wales 2307 (AU). LIU, Houyuan [US/AU]; Vale 
Street, Shortland, New South Wales 2307 (AU). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, GE, 
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, 
MN, MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, 
RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, 
TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: PRODUCTION OF TITANIA 



98% HjSO 



Bleed if 
required 



< 

00 




water 



^ TlOCOHfeto 
calcination 



Dilute acid to 
clean gypsum 
precipitation 



(57) Abstract: A sulfate process for producing titania from a titaniferous material is disclosed. The process includes leaching the 
titaniferous materia] and producing a leach liquor, separating titanyl sulfate from leach liquor, hydrolysis of the extracted titanyl 
sulfate, and thereafter calcining the solid phase produced in the hydrolysis step. The process is characterised by controlling the 
hydrolysis step and forming a selected particle size distribution of hydrated titanium oxides from titanyl sulfate. 
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PRODUCTION OP TIT 



AN^^ 



The present invention relates to a process for 
producing titania from a titaniferous material. 

5 

The term "titaniferous" material is understood 
herein to mean any titanium- containing material, including 
by way of example ores, ore concentrates, and titaniferous 
slags. 

10 

The present invention relates particularly to the 
sulfate process for producing titania from titaniferous 
material • 



15 The sulfate process was the first commercial 

process for the manufacture of titania from titaniferous 
ores, such as ilmenite. 



A significant issue with the sulfate process is 
20 that it produces large quantities of waste iron sulfate 
and consumes large quantities of sulfuric acid. 

The chloride process generally avoids the iron 
sulfate waste problem of the sulfate process and, at 
2 5 larger scales, is less expensive to operate than the 
sulfate process. 

Hence, the chloride process is the currently 
preferred process for producing titania, particularly 
30 titania for the pigment industry. 

An object of the present invention is to provide 
an improved sulfate process. 



3 5 In general terms, the present invention provides 

a sulfate process for producing titania from a 
titaniferous material (such as ilmenite) which includes 
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includes ■ 1 steps of: 




(a) leaching the solid titaniferous material 
with a leach solution containing sulfuric acid and forming 
5 a leach liquor that includes an acidic solution of titanyl 
sulfate (TiOS0 4 ) and iron sulfate (FeS0 4 ) ; 



(b) separating the leach liquor and a residual 
solid phase from the leach step (a) ; 

10 

(c) separating titanyl sulfate from the leach 
liquor from step (b) ; 

(d) hydrolysing the separated titanyl sulfate 

■ 

15 and forming a selected particle size distribution of 
hydrated titanium oxides from titanyl sulfate; 

(e) separating the solid phase containing 
hydrated titanium oxides and a liquid phase that are 

20 produced in the hydrolysis step (d) ; and 

(f) calcining the solid phase from step (e) and 
forming titania. 



25 The term "hydrated titanium oxides" is understood 

herein to include, by way of example, compounds that have 
the formula Ti0 2 .2H 2 0 and Ti0 2 .H 2 0. 



In addition, the term "hydrated titanium oxides' 
30 is understood herein to include compounds that are 

described in technical literature as titanium hydroxide 
(Ti(OH) 4 ) . 

The above -described process is characterised by 
35 forming, and more particularly controlling the process so 
that it is possible to form, the above-mentioned selected 
particle size distribution of hydrated titanium oxides in 
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the hydrcl lis step (d) . 




Preferably the process includes controlling the 
hydrolysis step (d) to produce the selected particle size 
5 distribution of the hydrated titanium oxides product. 

The process may include controlling the 
hydrolysis step (d) to produce coarse hydrated titanium 

m 

oxides, ie oxides having a particle size of at least 
10 0,005-0 .01mm (ie 5-10 micron). 

The controlled growth of coarse particles of 
hydrated titanium oxides in the hydrolysis step (d) is a 
significant departure from the conventional sulfate 
15 process in which there is a strong preference for 

producing fine particles in order to produce fine titania 
that meets the needs of the pigment industry, the major 
user of titania. 

2 0 There are applications, such as electrochemical 

reduction of titania, in which it is preferable to have a 
coarse feed of hydrated titanium oxides or a coarse feed 
of titania. 

25 Alternatively, the process may include 

controlling the hydrolysis step (d) to produce fine 
hydrated titanium oxides, ie oxides having a particle size 
of less than 0*0003 mm (ie 0.3 micron). 

3 0 There are other applications, such as production 

of pigments, in which it is preferable to have a fine feed 
of hydrated titanium oxides or a fine feed of titania. 

One important parameter for controlling crystal 
35 growth is the concentration of titanium in solution within 
reactor 11. Specifically, it is preferred that the 
concentration be relatively low, of the order of 10 g/1, 



within r ^^P° r 11 to achieve growth ra 
of titanium oxide particles. 

Preferably the process includes a further leach 
step of leaching the residual solid phase from step (b) 
with a leach solution containing sulfuric acid and forming 
a leach liquor that includes an acidic solution of titanyl 
sulfate and iron sulfate and a residual solid phase. 

Preferably the further leach step includes 
separating the leach liquor and the residual solid phase 
from the further leach step. 

Preferably the further leach step includes 
supplying the separated leach liquor to the leach step (a) 
and/or mixing the separated leach liquor with the leach 
liquor from step (b) • 

The leach step (a) and the further leach step may 
be carried out in the same vessel. 

In that event, the further leach step includes 
returning the residual solid phase from step (b) to the 
vessel, wherein the residual solid phase forms part of the 
titaniferous material subjected to leaching in step (a) . 

Alternatively, the leach step (a) and the further 
leach step may be carried out in separate, with the 
residual solid phase from step (b) being supplied to the 
vessel or vessels for the further leach step. 

In that event, preferably the process includes 
separating the leach liquor and a further residual solid 
phase formed in the further leach step. 

The separated leach liquor may be supplied to the 
leach step (a) . 
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Alternatively, the separated leach liquor may be 
mixed with the leach liquor from step (b) and thereafter 
the mixed leach liquor may be processed in the subsequent 

■ 

steps of the process* 



The leach step (a) and/or the further leach step 
may be carried out on a continuous basis or a batch basis. 



10 The applicant has found in experimental work that 

it is important to carry out the leach step (a) and/or the 
further leach step under leach conditions, described 
herein, that avoid an undesirable amount of premature 
hydrolysis of hydrated titanium oxides. 

15 

In addition, the applicant has found in 
experimental work that it is important to carry out the 
leach step (a) and/or the further leach step under leach 
conditions that avoid an undesirable amount of premature 
20 precipitation of titanyl sulfate. 



Preferably the leach step (a) and/or the further 
leach step include selecting and/or controlling the leach 
conditions in the leach step (a) and/or the further leach 
25 step to avoid undesirable amounts of premature hydrolysis 
of hydrated titanium oxides and undesirable amounts of 
premature precipitation of titanyl sulfate. 

The relevant leach conditions include any one or 
30 more than one of acid concentration, leach temperature and 
leach time. 



Typically, the acid concentration in the leach 
step (a) and/or the further leach step should be at least 
35 350 g/1 sulfuric acid throughout the leach step (a) and/or 
the further leach step when operating at a leach 
temperature in the range of 95°C to the boiling point in 
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order to 1 lid premature hydrolysis. 



Typically, the acid concentration at the end of 
the leach step (a) and/or the further leach step should be 
5 less than 450 g/1 when operating at a leach temperature in 
the range of 95°C to the boiling point in order to avoid an 
undesirable amount of premature precipitation of titanyl 
sulfate* 

10 It is noted that the acid concentration at the 

start of the leach step could be higher, typically as high 
as 700 g/1. 

Typically, the leach conditions should be 
15 selected and/or controlled so that the titanium ion 

concentration in the leach liquor is less than 50 g/1 in 
the leach liquor at the end of the leach step (a) and/or 
the further leach step. 

2 0 Preferably the titanium ion concentration in the 

leach liquor is 40-50 g/1. 

Preferably the process includes carrying out the 
leach step (a) in the presence of an additive that 

2 5 accelerates the rate of leaching the titaniferous 

material. 

Preferably the process includes carrying out the 
further leach step in the presence of an additive that 
30 accelerates the rate of leaching the titaniferous 
material • 

The use of the leaching accelerant makes it 
possible to use less concentrated sulfuric acid than is 

3 5 required for the conventional sulfate process. 



Preferably the leaching accelerant is selected 
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10 



from a that includes iron, a titi^^m (III) salt, a 

thiosulfate salt, sulfur dioxide or any other reduced 
sulfur containing species . 



Preferably the process includes carrying out the 
leach step (a) in the presence of a reductant that reduces 
ferric ions to ferrous ions in the acidic solution of 
titanyl sulfate and iron sulfate produced in the leach 
step (a) . 



Preferably the process includes carrying out the 
further leach step in the presence of a reductant that 
reduces ferric ions to ferrous ions in the acidic solution 
of titanyl sulfate and iron sulfate produced in the leach 
15 step (a) . 

The reductant may be any suitable reductant. 

Preferably the reductant is selected from a group 
20 that includes iron, a titanium (III) salt, a thiosulfate 
salt, sulfur dioxide or any other reduced sulfur 
containing species . 

As is indicated above, the purpose of the 
25 reductant is to minimise the amount of iron in the 

trivalent ferric form and to maximise the amount of iron 
in the divalent ferrous form in the leach liquor produced 
in the leach step (a) and/or the further leach step. 
Maximising the amount of iron in the divalent ferrous form 
30 minimises the equilibrium concentrations of iron in the 

circuit, by promoting the precipitation of ferrous sulfate 
FeS0 4 .7H 2 0. 

Preferably the process includes the steps of 
35 precipitating iron sulfate from the leach liquor from step 
(b) and separating precipitated iron sulfate from the 
leach liquor prior to the titanyl sulfate separation step 
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Preferably the process includes using at least 
part of the leach liquor remaining after separation of 
5 titanyl sulfate in step (c) as at least part of the leach 
solution in the leach step (a) and/or in the further leach 
step. 

The use of the depleted leach liquor from the 
10 titanyl sulfate separation step (c) as the leach solution 
for leach step (a) and/or the further leach step is an 
advantage of the process because it maximises the 
effective use of acid in the process. 

15 Preferably the titanyl sulfate separation step 

(c) includes a solvent extraction step of extracting 
titanyl sulfate from the leach liquor from step (b) into a 
solvent and thereafter stripping titanyl sulfate from the 
solvent and forming a solution that contains titanyl 

2 0 sulfate and thereafter hydrolysing the titanyl sulfate- 
containing solution in the hydrolysis step (d) • 

In a situation in which the titanyl sulfate 
separation step (c) is a solvent extraction step, 

2 5 preferably the process includes using at least part of a 

raffinate from the solvent extraction step as at least 
part of the leach solution in leach step (a) and/or in the 
further leach step. 

3 0 Preferably the leach solution in the leach step 

(a) and the further leach step includes the raffinate and 
make-up fresh sulfuric acid. 



Preferably the raffinate from the solvent 
extraction step has an acid concentration of at least 250 
g/1 sulfuric acid. 
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eferably the raffinate froi^^U solvent 
extraction step has an acid concentration of at least 350 
g/1 sulfuric acid. 

5 Preferably the solvent extraction step includes 

contacting the leach liquor from step (b) with the solvent 
including a modifier. 

The term "solvent" is understood herein to mean a 
10 reagent and a diluent in combination. 

The term "modifier" is understood herein to mean 
a chemical which changes the solubilising properties of 
the solvent such that the titanium containing species are 
15 soluble in the solvent at higher concentrations than might 
otherwise be possible. 

■ 

Preferably the process includes using the liquid 
phase produced in hydrolysis step (d) as a source of acid 

20 or water in other steps of the process. Typically, the 
liquid phase includes 100-500 g/1 sulfuric acid. By way 
of example, the liquid phase may be used as a source of 
acid (and titanium values) by direct addition to leach 
liquor, depleted leach liquor or any one of steps (a) and 

25 (b) and the further leach step. By way of further 

example, the liquid phase may be used as a source of water 
for washing solid products from any one of steps (b) and 
(e) . 

30 Alternatively, the process may include treating 

the liquid phase produced in hydrolysis step (d) by 
neutralising the acid in the liquid phase with lime (CaO) 
and/or limestone (CaC0 3 ) and producing clean gypsum 
(CaS0 4 .2H 2 0) . 

35 

* 

It is known to produce gypsum by neutralising 
sulfuric acid in the liquid phase of the hydrolysis step 
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in the c 




ntional sulfate process. 




ver, the gypsum 



product includes levels of impurities that reduce the 
market value of the gypsum. The liquid phase produced in 
hydrolysis step (d) also includes sulfuric acid that can 
be neutralised to produce gypsum. However, 
advantageously, this liquid phase is relatively free of 
contaminants because the titanyl sulfate precipitation 
step does not recover substantial amounts (if any) of 
species (such as iron, chromium, manganese, and niobium) 
that are in solution in the leach liquor that could act as 
contaminants. Therefore, gypsum produced from this leach 
liquor is relatively pure. 



bleed stream of the leach liquor to minimise the build-up 
of species (such as vanadium, chromium, and niobium) in 
solution in the leach liquor. 

The above -described process may be carried out as 
a continuous process or as a batch process. 

Preferably the titaniferous material is ilmenite 
or altered ilmenite. 



provided hydra ted titanium oxides that have been produced 
by leaching a titaniferous material (such as ilmenite) 
with sulfuric acid and forming a leach liquor that 
includes an acidic solution of titanyl sulfate and iron 
sulfate and thereafter hydrolysing titanyl sulfate and is 
characterised in that the hydrated titanium oxides include 
coarse particles of at least 0.005 mm (5 micron). 

The process of the present invention includes the 
following typical reactions. 



Preferably the process includes separating a 



According to the present invention there is also 



Leaching : 
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^^Ti0 3 + 2H 2 S0 4 -> FeS0 4 + Tioi^^+ 2H 2 0 

Ferric reduction: 
Fe 2 (S0 4 ) 3 + Fe° -> 3FeS0 4 

5 

Ferrous sulfate crystallisation: 
FeS0 4 + 7H 2 0 -> FeS0 4 .7H 2 0 

Solvent extraction loading: 
10 Ti(S0 4 ) 2 + H 2 0 + R 3 P=0 -» R 3 P=O.TiOS0 4 + H 2 S0 4 

Solvent extraction strip: 
R 3 P=O.TiOS0 4 -> R 3 P=0 + TiOS0 4 

15 Hydrolysis: 

TiOS0 4 + 2H 2 0 -> TiO(OH) 2 + H 2 S0 4 

Calcination: 
TiO(OH) 2 -> Ti0 2 + H 2 0 

The improved sulfate process of the present 
invention is described further with reference to the 
accompanying drawings, of which: 

Figure 1 is a flow sheet that illustrates one 
embodiment of the process of the invention; and 

Figure 2 is a flow sheet that illustrates one 
embodiment of the process of the invention. 

30 

With reference to the flow sheet of Figure 1, in 
a Stage 1 Leach step ilmenite, leach liquor containing 
between 400 and 700 g/1 sulfuric acid from a Stage 2 Leach 
step, and a reductant in the form of scrap iron are 
35 supplied to a digester 3. The process operates on a 

continuous basis with the feed materials being supplied 
continuously to the digester 3 and reacted and unreacted 



20 



25 
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3. 




ing discharged continuous lJ^Wtom the digester 




The Stage 1 Leach step solubilises a substantial 
5 component of the ilmenite supplied to the digester 3 and 
produces a leach liquor that contains titanyl sulfate and 
iron sulfate* Typically , at the end of the leach the 
leach liquor contains 20-100 and preferably 40-50 g/1 
titanium and 50-100 g/1 iron. 

10 

The leach liquor and partially and unreacted 
ilmenite that are discharged continuously from the 
digester 3 are subjected to a solid/liquid separation 
step. 

15 

The solid phase from the solid/liquid separation 
step, which contains unreacted and partially reacted 
ilmenite, is transferred to the Stage 2 Leach step. The 
Stage 2 Leach step is discussed further below. 

20 

The leach liquor from the solid/liquid separation 
step is transferred via a heat exchanger 5a to an iron 
sulfate crystallisation reactor 7. 

25 The heat exchanger 5a cools the leach liquor from 

a temperature of the order of 110°C to 60°C. The heat 
extracted by the heat exchanger 5a is used elsewhere in 
the process, as discussed further below. 



3 0 The leach liquor is cooled further, typically to 

10-30°C in the iron sulfate crystallisation reactor 7. 
Cooling the leach liquor precipitates iron sulfate from 
the leach liquor in the iron sulfate crystallisation 
reactor 7. Typically, the crystallisation step reduces 

35 the concentration of iron in the leach liquor to 40*50 

g/1. 
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[e leach liquor containing f^ptipitated iron 
sulfate that is discharged from the crystallisation 
reactor 7 is subjected to a further solid/liquid 
separation step which separates the precipitated iron 
5 sulfate from the leach liquor. 

■ 

The solid phase from the solid/liquid separation 
step contains iron sulfate. The solid phase may also 

■ 

contain some species such as iron, manganese and 
10 aluminium. The solid phase is a by-product of the 



The leach liquor from the solid/liquid separation 
step is transferred via a heat exchanger 5b to a solvent 

■ 

15 extraction reactor 9 -and contacts a suitable solvent that 
extracts tit any 1 sulfate from the leach liquor. 
Typically, the leach liquor from the solid/liquid 
separation step is at a temperature of the order of 30°C 
and the heat exchanger 5b heats the leach liquor to a 

20 higher temperature, typically 50°C. Conveniently, the heat 
input for heat exchanger 5b is heat recovered from the 
leach liquor by heat exchanger 5a. 

Suitable solvents are disclosed in Solex US 
25 patent 5277816. The solvents include trioctylphosphine 

oxide and butyl dibutylphosphonate. The present invention 
is not confined to these extractants. 

The solvent is used in conjunction with a 
30 modifier in the solvent extraction step. Suitable 
modifiers include methyl isobutyl ketone (MIBK) , di- 
isobutyl ketone (DIBK) and isotridecanol (ITA) . 

The solvent/titanyl sulfate mixture is separated 
35 from the leach liquor, and thereafter the titanyl sulfate 
is stripped from the solvent by water. 
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^|^e recovered solvent is retljjid to the solvent 
extraction reactor 9. 

The resultant aqueous solution of titanyl 
5 sulfate, which typically includes 10-100 g/1 titanium in 
solution and 50-200 g/1 sulfuric acid, is transf erred to 
an hydrolysis reactor 11. 

At start-up, the reactor 11 contains a starting 
10 solution of sulfuric acid and solids. Typically, the 

solution contains 10-200 g/1 acid and solids density of 
10-200 g/1. 

The titanyl sulfate solution is added at a 
15 controlled rate to the starting solution. The addition of 
the solution results in the reactor filling up to capacity 
and thereafter overflowing, whereafter the rate of 
overflow from the reactor 11 matches the rate of supply of 
titanyl sulfate solution. 

20 

In the reactor 11 the sulfate ions in the titanyl 
sulfate solution are displaced by hydroxyl ions, with the 
result that hydrated titanium oxides precipitate from the 
solution. 

25 

The solids in the starting solution act as seed 
for precipitation. Typically, the solids are hydrated 
titanium oxide or titanium dioxide particles. 

3 0 Typically, the residence time of titanyl sulfate 

solution in the reactor 11 varies between 3 and 12 hours. 

Subject to temperature and time conditions and 
control of solution concentration, there is controlled 
35 crystal growth in the hydrolysis reactor 11* Controlled 
crystal growth provides an opportunity to produce titania 
that ranges from fine to coarse particle sizes. In 
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particul 




controlled crystal growth 




ides an 



opportunity to produce coarse titania of greater than 
0.005 mm (5 micron) which can be used by way of example in 
the electrochemical reduction of titania to produce 
titanium. 

The hydrolysis reactor 11 may be operated in 
batch mode. More preferably, the reactor is operated in 
continuous mode. 

Moreover,, if required, make-up water and solids 
can be added to the reactor 11. 

The overflow from the reactor 11 is collected as 
the product of the reactor 11. 

The product from the hydrolysis reactor 11 is 
subjected to a solid/liquid separation step, which is 
facilitated by providing wash water. 



step, which contains hydrated titanium oxides, is 
transferred to a calciner (not shown) and is calcined to 
produce titania. Depending on the circumstances, the 
solid phase may be calcined at 1000°C to produce titania. 



extraction step in confining extraction substantially to 
titanium compounds, typically, the process produces 
titania of very high purity, ie at least 99 wt.%. 

Part or all of the liquid phase from the 
solid/liquid separation step may be reused in the process, 
for example as a source of acid in the Stage 2 Leach step 
and/or as a source of water in washing steps in the 
process, as permitted by the overall water balance. 



The solid phase from the solid/liquid separation 



In view of the efficiency of the solvent 
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^^ternatively, the liquid ph^^^from the 

solid/liquid separation step, which contains sulfuric 
acid, is neutralised with lime and/or limestone and 
thereby produces a gypsum product. In view of the 
5 efficiency of the solvent extraction step in confining 
extraction to titanium compounds, the liquid phase 
contains minimal levels of contaminants (such as iron, 
vanadium and chromium) and therefore the gypsum is "clean" 
gypsum that is commercially valuable in applications (such 
10 as the manufacture of cement) . 

The raffinate from the solvent extraction step 9 
contains relatively high levels of sulfuric acid (250-700 
g/1) . The raffinate is transferred to the above-mentioned 

15 Stage 2 Leach step and is used as a leach liquor. In 

effect, the solvent extraction step recovers sulfuric acid 
and the acid can be used productively in the process. 
This enables a substantial reduction in waste when 
compared with the conventional sulfate process. In 

20 addition, the use of the raffinate as part of the acid 

feed for the process reduces the amount of fresh acid that 
is required in the process. 

The Stage 2 Leach step is carried out in a 

2 5 digester 13. 

The raffinate, and make-up concentrated sulfuric 
acid that is also supplied to the digester 13, leach the 
unreacted and partially reacted ilmenite from the Stage 1 

3 0 Leach and solubilise approximately 50% of the remaining 

ilmenite. The raffinate may be preheated using a heat 
exchanger 5c before being supplied to the digester 13. 

The product from the Stage 2 Leach is subjected 
35 to a solid/liquid separation step. 



The leach liquor from the solid/liquid separation 
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step, whj^^typically contains 400-700^^. sulfuric acid, 
is transferred to the Stage 1 Leach, as mentioned above. 

The solid phase from the solid/liquid separation 
5 step is substantially made up of silicate residue, and is 
a waste product of the process. 

Make-up acid is required for the process since 
there are acid losses in the separation of iron sulfate 
10 from the leach liquor and in the extraction of titanyl 
sulfate in the solvent extraction step. 

The make-up acid may be added at any point in the 
flow sheet. 

15 

The addition of the acid in the Stage 2 Leach 
step is a preferred addition point because it is thought 
that the introduction of concentrated acid at this point 
optimises the opportunity to leach ilmenite, and it is 
20 beneficial to maintaining an efficient heat balance. 

The flow sheet of Figure 2 is very similar to 
that shown in Figure 1 and the same reference numerals are 
used to describe the same features in both flow sheets. 

25 

The main difference between the flow sheets is 
that, whilst the Figure 1 flow sheet describes that the 
raffinate from the solvent extraction step 9 is 
transferred to the Stage 2 Leach step and is used as a 

30 leach solution in that step, in the Figure 2 flow sheet 

the raffinate from the solvent extraction step 9 is split 
into 2 separate streams and is transferred via the 
separate streams to the Stage 1 Leach step and the Stage 2 
Leach step, respectively, and is used as a leach solution 

35 in both steps. In addition, whilst the Figure 1 flow 

sheet describes that the liquid phase of the product from 
the Stage 2 Leach step is transferred to the Stage 1 Leach 
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step, in 




Figure 2 embodiment the 1 




d phase is 



transferred to the leach liquor produced in the Stage 1 
Leach step. 

The applicant has carried out experimental work 
on a laboratory scale and a pilot plant scale in relation 
to the above -described process. 

In summary, the applicant has made the following 
findings in the experimental scale work. 



• Fast leaching rates were achieved by 
leaching ilmenite in the presence of an 
accelerant, such as scrap iron, sodium 
thiosulfate, and sulfur dioxide. 



• Leach liquors containing up to 100 g/1 
titanium were produced. 



• The solvent extraction step resulted in a 
substantial upgrade in purity of titania that 
was ultimately produced from the titanyl sulfate 
extracted in the solvent extraction step. 



• The liquor stripped from the solvent in the 
solvent extraction step contained high levels 
(at least 30 g/1) titanyl sulfate. 



Raf finate can be used to leach ilmenite in 



the initial and the further leach steps with or 
without make-up acid. 



• Two stage leaching is an effective leaching 
option, and the two (or more than two) stage 
leaching can be carried out in a single vessel 
with return of residual solid phase to the 
vessel and addition of fresh ilmenite or in 
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^^■ltiple vessels with the re^^ual solid phase 
produced in a 1 st vessel being supplied to one or 
more than one other vessel. 

5 • There is a leach window (that is dependent 

on conditions such as acid concentration, leach 
temperature, and leach time and factors sch as 
titanium ion concentration) in which it is 
possible to avoid premature hydrolysis of 
10 hydrated titanium oxides and premature 

precipitation of titanyl sulfate. 



The laboratory scale and pilot plant scale work 
included leaching samples of heavy mineral sands 
15 concentrates containing >50% ilmenite. 

The leaching work included leaching work on a 
batch basis in 2 stages at atmospheric pressure with 30- 
50% w/w sulfuric acid at 95-120°C for 3-5 hours in each 
20 stage, and with additions of accelerant/ reduc tan t in the 
form of iron, sodium thiosulfate and sulfur dioxide in 
each stage. 

The above leaching work was carried out with 
2 5 initial solids loadings of 500 g/1 and 200g/l. 



Table 1 is a summary of results of the above 
leaching work. 



3 0 Table 1 



Solids loading 
(in Stage 1) 


After 
Stage 1 


After 
Stage 2 


500 g/1 


72% 


87% 


200 g/1 


63% 


82% 
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j^B>le 1 indicates that 2 stag^Beaching, under 
the conditions described above, is an effective leaching 
option. 

* 

The laboratory scale and the pilot plant scale 
work also included solvent extraction tests on leached 
ilmenite samples using a range of solvent extraction 
reagents and modifiers, including reagents of the type 
disclosed in the US patent 5277816 in the name of Solex 
Research Corporation of Japan. 



The solvent extraction tests were carried out 
after crystallisation of excess iron sulfate. 

The reagents included, by way of example, Cyanex 
923 [(C 8 Hi 7 )3PO equivalent] and the aliphatic diluent 
Shellsol D100A. The modifiers included, by way of 
example, methyl isobutyl ketone (MIBK) , di-isobutyl ketone 
(DIBK) and isotridecanol (IT A) . 



Table 2 provides the composition of the feed 
solution and Table 3 provides titanium enrichment factors 
in the loaded organic. 



Table 2 



Ti 


84 g/1 


Nl 


28 ppm 


Fe 


66 g/1 


Si 


8 ppm 


Mn 


2.2 g/1 


Ca 


42 ppm 


Cr 


87 ppm 


Mg 


300 ppm 


V 


270 ppm 


Zn 


66 ppm 



Table 3 





C923 


Mix 1 


Mix 2 


Mix 3 


Mix 4 1 
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Ti :Fel 


1. 275 


450 


407 \ 


P 909 


1636 


Ti:Mn 


~inf . 


-inf. 


-inf. 


-inf. 


-inf . 


Ti:Cr 


-inf. 


-inf. 


-inf. 


-inf. 


-inf. 


Ti:V 


4.2 


6.0 


4.1 


4.9 


6.1 


Ti :Ni 


1.4 


-inf. 


-inf. 


-inf . 


-inf. 


TitSi 


0.14 

• 


-inf. 


-inf. 


-inf. 


-inf. 


Ti:Ca 


-inf. 


0.7 


0.1 


-inf . 


-inf . 


Ti:Mg 


11 


-inf. 


-inf. 


-inf . 


-inf. 


Ti:Zn 


0.3 


-inf. 


1.4 


2.9 


1.3 


Ti (g/1) 


9.1 


15.0 


14.0 


20.0 


9.0 



Table 2 indicates that solvent extraction, under 
the conditions described above, is an effective means of 
separating titanium (in the form of titanyl sulfate) from 
5 contaminants . 

The above solvent extraction tests also indicated 
that solvent extraction is far more effective if a 
modifier is present. The modifier did not appear to have 
10 any effect on the degree of extraction of titanium. 

However, the modifier appeared to prevent the formation of 
an undesirable titanium-loaded phase that is not soluble 
in the diluent. Thus, without the modifier, only 
relatively dilute solutions of titanium are possible. 

15 

The following Examples illustrate further the 
laboratory scale and pilot plant scale work carried out by 
the applicant. 

20 Example 1 - Batch 1 st Stage Leach at Constant Acidity 

1000 roL of raffinate containing 402 g/1 free 
H 2 S0 4 , 24.6 g/1 Fe 2 *, 2.0 g/1 Fe 3+ and 3.3 g/1 Ti was 
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preheatec^^ 110°C, in a glass reactor ^^ipped with 
baffles and a Teflon agitator. 400 g of ilmenite, 
containing 30.4% Ti and 34.3% Fe and ground to 50% passing 
32/xm, was added to this solution with sufficient agitation 
5 to fully suspend the solids. A 6mm mild steel rod was 
immersed into the slurry at a rate of 0.5 cm/hour. 
Leaching was carried out for 6 hours. Aliquots of 98% 
sulfuric acid were added throughout to control the free 
acidity to 400 g/1. After 6 hours a sample was withdrawn 
10 and filtered. Analysis of the solution showed it to 

contain 397 g/1 free H 2 S0 4 , 72.6 g/1 Fe 2 *, 3.0 g/1 Fe 3 * and 
28 g/1 Ti. The slurry was filtered, and the solids washed 
with water and dried. 252.2 g of residue were obtained in 
this way, containing 31.9% Ti and 32.7% Fe. 

15 

Example 2 - Batch Two Stage Leach at Constant Acidity 

1000 mL of synthetic raffinate containing 402 g/1 
free H 2 S0 4 was preheated to 105°C, in a glass reactor 

20 equipped with baffles and a Teflon agitator. 400 g of 

ilmenite, containing 30.4% Ti and 34.3% Fe and ground to 
50% passing 22ym, was added to this solution with 
sufficient agitation to fully suspend the solids. 30 g of 
iron filings was added. Leaching was carried out for 5 

25 hours. Aliquots of 98% sulfuric acid were added 

throughout to control the free acidity to 400 g/1. After 5 
hours a sample was withdrawn and filtered. Analysis of 
the solution showed it to contain 3 87 g/1 free H 2 S0 4 , 89.4 
g/1 Fe 2+ , 0.4 g/1 Fe 3+ and 48 g/1 Ti. Heat and agitation 

30 were switched off and the slurry allowed to settle 

overnight. 750 mL of the clarified solution was removed 
and replaced with an equal volume of fresh synthetic 
raffinate. Heat and agitation were reinstated, and 30 g 
of iron filings were added. Leaching was continued at 110°C 

35 for 5 hours. Aliquots of 98% sulfuric acid were added 

throughout to control the free acidity to 400 g/1. After 
5 hours a sample was withdrawn and filtered. Analysis of 
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the solu 




showed it to contain 373 




free H 2 S0 4 , 106 



10 



15 



20 



25 



30 



g/1 Fe 2 \ 0-2 g/1 Fe 3 * and 38 g/1 Ti. The slurry was 
filtered, and the solids washed with water and dried. 
57.5 g of residue were obtained in this way, containing 
33.0% Ti and 23.7% Fe. 

Example 3 - Batch 1 st Stage Leach with Reducing Acidity 



free H 2 S0 4 , 31.3 g/1 Fe 2 \ 2.4 g/1 Fe 3 * and 9.2 g/1 Ti was 
preheated to 110°C, in a glass reactor equipped with 
baffles and a Teflon agitator. 400 g of ilxnenite, 
containing 30.4% Ti and 34.3% Fe and ground to 50% passing 
32fun, was added to this solution with sufficient agitation 
to fully suspend the solids. A 6mm mild steel rod was 
immersed into the slurry at a rate of 0.5 cm/hour. 

* 

Leaching was carried out for 6 hours. After 6 hours a 
sample was withdrawn and filtered. Analysis of the 
solution showed it to contain 441 g/1 free H 2 S0 4 , 73.7 g/1 
Fe 24 , 13.0 g/1 Fe 3+ and 47 g/1 Ti. The slurry was filtered, 
and the solids washed with water and dried. 223.6 g of 
residue were obtained in this way, containing 32 . 0% Ti and 
32.8% Fe. 

Example 4 - Batch 2 nd Stage Leach with Reducing Acidity 

1000 mL of synthetic raffinate containing 593 g/1 
free H 2 S0 4/ was preheated to 105°C, in a glass reactor 
equipped with baffles and a Teflon agitator. 400 g of l flt 
stage leach residue, containing 32.0% Ti and 31.3% Fe was 
added to this solution with sufficient agitation to fully 
suspend the solids. A 6mm mild steel rod was immersed into 
the slurry at a rate of 0.5 cm/hour. Leaching was carried 
out for 6 hours. After 6 hours a sample was withdrawn and 
filtered. Analysis of the solution showed it to contain 
476 g/1 free H 2 S0 4 , 29.0 g/1 Fe 2 \ 10.4 g/1 Fe 3+ and 32.5 
g/1 Ti. The slurry was filtered, and the solids washed 



1000 mL of acidified raffinate containing 598 g/1 
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with wat^^^hd dried* 267 g of residu^^re obtained in 
this way, containing 31.9% Ti and 30.7% Fe. 

Example 5 - Pilot Plant 1 st Stage Leach with Reducing 
5 Acidity 



39 L of 98% sulfuric acid was added to 243 L of 
raffinate containing 358 g/1 free H 2 S0 4 and 7 g/1 Ti, in a 
fibre reinforced plastic (FRP) tank of 300 L capacity, 

10 equipped with a FRP axial turbine. The resulting 

solution, which contained 579 g/1 free acid, 27.9 g/1 Fe 2 * 
and 5.6 g/1 Fe 3 *, was preheated to 95°C. 116 kg of unground 
ilxnenite, containing 31.1% Ti and 34.1% Fe was added to 
this solution with sufficient agitation to fully suspend 

15 the solids. A group of ten 10mm mild steel rods of length 
29 cm was immersed into the slurry. Leaching was carried 
out for 6 hours at 105°C. The slurry was filtered using a 
pressure filter, to produce approximately 260 L of 
solution. Analysis of the solution showed it to contain 

20 461 g/1 free H 2 S0 4 , 72.6 g/1 Fe 2 *, 9.0 g/1 Fe 3 * and 41 g/1 
Ti. 

Example 6 - Pilot Plant 1 st Stage Leach with Constant 
Acidity 

25 

A single stage leach pilot plant was assembled, 
consisting of 5 stirred FRP tanks of 10 L capacity each, 
equipped with FRP double axial turbines, and silica 
jacketed electric immersion heaters. Ilmenite ground to 

30 50% passing 32/xm was fed to the first tank at 750 g/hour 
using a screw feeder. SX pilot plant raffinate of 
composition 404 g/1 free H 2 S0 4 , 36.1 g/1 Fe 2 *, 3.2 g/1 Fe 3 * 
and 10 g/1 Ti, was also pumped into the first tank at a 
rate of 62.5 mL/min. The temperature was maintained at 

35 110°C in all tanks. 98% sulfuric acid was added to the 
first two tanks to control the acidity to 400 g/1. Mild 
steel rods of diameter 10mm were inserted into each tank 




- 25 - 

at a rat^^V lcm/hr. Slurry was thencJ^BL lowed to flow by 
gravity to a FRP thickener equipped with FRP rakes. 
Thickener overflow solution and underflow slurry were 
collected and stored. The pilot plant was operated 
continuously for 92 hours. During the final 48 hours of 
operation the average composition of the solution in each 
tank was as set out below in Table 4 . 



Table 4: Continuous Pilot Plant 1 st Stage Leach Results 

10 





Free Acid 


Fe 2+ 


Fe 3+ 


Ti 




g/i 


g/i 


G/l 


g/i 


Tank 1 


411 


48 


2.7 


16 


Tank 2 


404 


56 


2.5 


20 


Tank 3 


402 


65 


2.4 


29 


Tank 4 


395 


68 


4.2 


36 


Tank 5 


391 


65 


6.1 


34 


Thickener 
overflow 


388 


70 


3.0 


33 



Example 7: SX Bench Tests with Counter -current 
Extraction: 

15 Three groups of counter- current bench tests were 

carried out to simulate the SX extraction circuit of the 
pilot plant operation. Each group involved 5 cycles and 
the data indicated that a steady state was achieved. The 
organic phase contained 30%vol Cyanex 923 as the 

20 extractant, 5%vol DIBR as the modifier and 65%vol Shellsol 
D100A as the diluent. At the 0/A ratio of 2, 3 and 4, the 
organic loading was 16 , 11 and 8 g/l Ti; the extraction 
efficiency was 97.8, 99.7 and 99.9%; the titanium 
concentrations of raffinate were 450-910, 80-120 and 24-28 

2 5 mg/1 respectively. The separation between Ti and Cr, Mg, 
Mn, Ni approached perfect with the loaded organic 
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containii^j^ mg/1 of Cr, Mg, Mn and Ni^pthe test was 
carried out on flask shaker in an incubator. The major 
test conditions are shown as follows: 




Temperature: 
Mixing time: 
Settling time: 
0/A 



50° C 

45-60 minutes 
15 minutes 
2, 3, 4 



The results are summarised in Table 5. 

Table 5: Composition of Organic, Feed and Raffinate at 
Given O/A Ratio (mg/1) 





H,SO« 


Ca 


Cr 


Fe 


Kg 


Mn 


Ni 


P 


Si 


Ti 


Y 


Zn 


Peed 


441000 


10 


52 


39000 


220 


1400 


7 


0 


27 


32000 


120 


47 


O/A 


Org 


28000 


4 


0 


708 


0 


0 


0 


20200 


6 


15600 


13 


0 


2 


Raf 


327000 


14 


55 


37200 


222 


1500 


9 


0 


76 


676 


108 


47 


O/A 


Org 


23000 


1 


0 


1920 


0 


0 


0 


20200 


5 


11000 


12 


6 


3 


Raf 


314000 


14 


55 


34800 


224 


1540 


9 


4 


3 


89 


106 


48 


O/A 


Org 


22000 


2 


1 


2160 


0 


0 


1 


20000 


4 


8360 


10 


0 


4 


Raf 


296000 


15 


1 58 


34600 


240 


1600 


10 


7 


6 


25 


100 


51 



Example 8: SX Bench Stripping Test 



The loaded organic that contained 30%vol Cyanex 
923 as the extractant, 5%vol DIBK as the modifier and 
65%vol Shellsol D100A as the diluent was stripped with 
water with various O/A ratio. The test was carried out 
using a flask shaker in an incubator. The major test 
conditions are shown as follows: 



Mixing time: 
Settling time: 
O/A ratio: 



50°C 

60 minutes 
20 minutes 
1/3, 1/1, 3/l # 
5:/l, 10/1, 20/1 
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j^^d 30/1 

* 

The results are summarised in Table 6 . 

5 Table 6: Composition of Organic and Stripping Solution at 
Given O/A Ratio (mg/1) 





H 3 SO« 


Ca 


Cr 


Fe 


Mg 


Mb 


Ni 


p 


Si 


Ti 


Y 


Zn 


Loaded 
Organic 


n.a 


13 


0 


44 


3 


0 


0 


20000 


4 


18000 


12 


8 


0/A 


Org 


n.a 


14 


0 


47 


3 


0 


0 


21000 


5 


3400 


8 


19 


1/3 


Strip 
* 


14700 


2 


0 


16 


0 


0 


0 


6 

* 


0 


3800 


3 


0 


0/A 


Org 


n.a 


14 


0 


18 


0 


0 


0 


20000 


6 


11000 


12 


10 


1/1 


Strip 


44100 


2 


37 


0 


0 


0 


0 


7 


0 


7200 


6 


1 


0/A 


Org 


n.a 


12 


0 


16 


0 


0 


0 


20000 


5 


15000 


13 


9 


3/1 


Strip 


103000 


2 


0 


97 


0 


0 


0 


7 


0 


8000 


7 


2 


0/A 


Org 


n.a 


13 


0 


30 


4 


0 


0 


20000 


4 


16000 


17 


25 


5/1 


Strip 


156900 


0 


0 


160 


0 


0 


0 


3 


0 


7200 


7 


0 


0/A 


Org 


n.a 


3 


0 


26 


3 


0 


0 


20000 


0 


17000 


18 


20 


10/1 


Strip 


225600 


2 


0 


280 


0 


0 


0 


0 


0 


5800 


6 


3 


0/A 


Org 


n.a 


0 


0 


40 


2 


0 


0 


20000 


0 


17000 


17 


20 


20/1 


Strip 


343000 


4 


0 


490 


0 


0 


0 


0 


1 


4700 


8 


0 


0/A 


Org 


n.a 


10 


0 


41 


0 


0 


0 


19000 


0 


17000 


15 


6 


30/1 


Strip 


392300 


2 


1 


710 


0 


0 


0 


0 


0 


4500 


7 


2 



White precipitation formed in both organic and aqueous 



phase 

10 

Example 9: SX Pilot Plant Operation 

The pilot plant operation was carried out with a 
device that involved two extraction cells, one scrub cell 
15 and four stripping cells. The effective volume of mixer 
and settler of each cell were 1.675 and 8.000 liter 
respectively. The stripping involved two stages: the 
lead strip with hydrolysis thickener overflow and lag 
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strippin^^^fch water respectively. Th 
conditional were as follows: 




jor 



15 



20 



Temperature : 
Organic Composition: 



10 Feed Composition: 

Mixing time: 
Settling time: 

0/A flow ratio of extraction 



25 



Feed flow: 

0/A flow ratio of scrub: 
Org. flow: 
Aqu. flow: 

0/A flow ratio of lead strip: 
Org. flow: 
Aqu. flow: 

0/A flow ratio of lag strip: 
Org. flow: 
Aqu. Flow: 



50 °C 

25%v/v Cyan ex 923, 5%v/v 
Iso-tri-decanol and 70%v/v 
ShellSol D100A. The 
capacity of organic was 15.7 
g/1 Ti. 

36 g/1 Ti, 410 g/1 H 2 S0 4 , 47 
g/1 Fe including 4.0 g/1 Fe 3 * 
5-10 minutes 

40 minutes 

-5:1. Organic flow: 165 

znL/min; 

33 mL/min 

-10:1. 

165 mL/min; 

17 mL/min 

-4:1. 

165 mL/min; 

41 mL/min 
-8:1. 

165 mL/min; 
21 mL/min 



The results are summarised in Table 7 . 



30 



Table 7: 
Liquor 



Average Compositions of Aqueous and Organic 





H,S0« 


Ca 


Cr 


Tot. 


Fe»* 


ttg 


Ma 


Mi 


P 


Si 


Ti 


V 


ZD 




g/i 


og/l 


mg/1 


Fe 


mg/l 


mg/1 


mg/l 


mg/1 


tag/1 


mg/l 


mg/1 


og/1 


mg/1 










mg/1 




















Feed 


410 


58 


43 


47000 


4000 


430 


1900 


4 


33 


17 


36000 


300 


41 


Raff 


345 


48 


39 


30539 


5700 


319 


1371 


4 


3 


10 


5334 


133 

1 


30 
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Strip 


178 




f 1 


465 


465 


2 


0 


0 


l ^ w 


s 


11306 


16 


1 


Lag 
Strip 


91 


2D 


2 


224 


224 


3 


1 


0 


IS 


$ 


16329 


21 


1 


Loaded 

Org. 

(S3) 


o.a 


3 


1 


160 


160 


1 


0 


0 


16647 


0 


15059 


22 


2 


Strip 
Org. <S 
Tl) 


n.a 


3 


0 


23 


33 


1 


» 

0 


0 


17000 


0 


7224 


11 


3 



Example 10: Pilot Plant Operation 



The pilot plant operation was carried out with a 
5 device that involved two extraction cells, one scrub cell 
and four stripping cells. The effective volume of mixer 
and settler of each cell were 1.675 and 8.000 liter 
respectively. The stripping involved two stages; the 
lead strip with hydrolysis thickener overflow and lag 
10 stripping with 50 g/1 H 2 S0 4 respectively. The major 
operational conditional were as follows: 



Temperature : 
Organic Composition: 

15 



Feed Composition: 

20 

Mixing time: 
Settling time: 
O/A flow ratio of extraction: 
Organic flow: 
25 Feed flow: 

O/A flow ratio of scrub: -10: 
Org. flow: 



50 °C 

25%v/v Cyanex 923, 5%v/v 
Iso-tri-decanol and 70%v/v 
ShellSol D100A. The 
capacity of organic was 15.7 
g/1 Ti. 

36 g/1 Ti, 410 g/1 H 2 S0 4 , 47 
g/1 Fe including 4.0 g/1 Fe 3+ 
5-10 minutes 
40 minutes 
-5:1. 

165 mL/min; 
32 mL/min 

165 mL/min; 
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Agu. flo^^^V 17 mL/mi 

O/A flow ratio of lead strip: -4:1. 
Org. flow; 165 xnL/min; 

Agu. flow; 41 mL/min 

O/A flow ratio of lag strip: -8:1. 
Org. flow: 165 xnL/min; 

Agu. Flow: 21 xnL/min 



10 



The results are summarised in Table 8. 



Table 8 
Liguor 



Average Compositions of Agueous and Organic 





H a S0 4 

s/i 


Ca 

mg/1 


Cr 

og/l 


Tot. 

re 

mg/1 


W9 U 

mg/i 


mg/1 


KD 

mg/i 


Hi 

mg/1 


9 

mg/1 


81 

mg/1 


Ti 

mg/1 


V 

mg/1 


Zn 
mg/1 


Feed 


415 


83 


45 


49000 


5200 


450 


1800 


5 


17 


21 


34000 


350 


30 


Raff 


3(3 


65 


29 


29500 


5000 


340 


1258 


5 


0 


11 


3950 


115 


29 


Lead 
Strip 


323 


53 


2 


408 


408 


5 


0 


0 


24 


7 


17167 


28 


1 


Lag 
Strip 


113 


54 


1 


56 


56 


6 


0 


0 


7 


7 


9300 


14 


1 


Loaded 
Org. (82) 


a. a 


15 


1 


177 


177 


0 


0 


0 


19167 


2 


15917 


23 


3 


Stripp-ed 
Org. (ST1I 


a. a 


2 


0 


0 


0 


0 


0 


0 


19750 


1 


10358 


17 


0 



15 Example 11 - Batch Hydrolysis 



1000 mL of SX pilot plant loaded strip liguor 
containing 123 g/1 free H 2 S0 4 , 0 g/1 Fe 24 , 0.26 g/1 Fe 3+ and 
12 g/1 Ti was pretreated with 1 g of aluminium foil 
2 0 overnight at room temperature. Titration with dichromate 
with sodium diphenyl amine sulfonate as indicator showed 
the resulting solution to contain 2.4 g/1 Ti 3 *. 500 mL of 
water containing 100 g/1 free H 2 S0 4 , and 0.5 g of TiO(OH) 2 
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with sod 




iphenyl amine sulfonate as 




icator showed 



the resulting solution to contain 2.4 g/1 Ti 3 *. 500 mL of 
water containing 100 g/1 free H 2 S0 4 , and 0.5 g of TiO(OH) 2 
seed, was preheated to 95°C, in a glass reactor equipped 
5 with baffles and a Teflon agitator. The treated loaded 
strip liquor was then pumped into the reactor at 2.8 
mL/min over 6 hours. The reaction mixture was allowed to 
stir for a further 30 minutes then a sample was withdrawn 
and filtered. Analysis of the solution showed it to 
10 contain 147 g/1 free H 2 S0 4 , 0.24 g/1 Pe and 2.3 g/1 Ti. 

The slurry was filtered, and the solids washed with water 
and dried. Filtration was found to be very fast. 22.6 g 
of residue were obtained in this way, containing 45.0% Ti, 
3 . 9% S and <0.02% Fe with d 50 particle size approximately 
15 8.5 micron. 

Example 12 - Pilot Plant Hydrolysis 



20 assembled, consisting of 2 stirred FRP tanks of 5 L 

capacity each, equipped with FRP double axial turbines, 
and silica jacketed electric immersion heaters. SX pilot 
plant loaded strip liquor containing 206 g/1 free H 2 S0 4 , 0 
g/1 Fe 2 *, 0.2 g/1 Fe 3+ and 25 g/1 Ti, was pumped into the 

25 first tank at a rate of 10 mL/min. The temperature was 
maintained at 95°C .in each tank. Water was added to the 
first tank to control the acidity to 140 g/1/ requiring a 
flow of 8.5 mL/min. Additional water was added to the 
second tank at 5 mL/min to control the acidity to 100 g/1. 

30 Slurry was thence allowed to flow by gravity to a FRP 
thickener equipped with FRP rakes. Thickener overflow 
solution was collected and stored. The thickener underflow 
slurry was collected and filtered by vacuum filtration. 
Filtration of the underflow was found to be very fast. The 

35 d 50 particle size was found to be 7.2 micron. The pilot 
plant was operated continuously for 42 hours. During the 
final 30 hours of operation the average composition of the 



A single stage hydrolysis pilot plant was 



solution I fcach tank was as follows: 

^^^^^^ 

Table 9: Continuous Pilot Plant Hydrolysis Results 





Free Acid 


Fe 


Ti 




g/i 


g/i 


g/i 


Tank 1 


136 


0.13 


4.6 


Tank 2 


105 


0.09 


1.0 


Thickener 
overflow 


109 


0.09 


1.0 



Example 13 - Laboratory Scale Calcination 

A 2.6 g sample of dried TiO(OH) 2 produced according to 
Example 11 was calcined in an alumina crucible, using a 
muffle furnace at 1000°C for 1 hour. On removal from the 
furnace the cooled calcine was found by XRF to contain 
59.8% Ti, 0.07% Fe, <0.02% S and less than detection limit 
for Si, Al, Mn, Mg, Cr, V and Zn. 

Many modifications may be made to the process of 
the present invention described above without departing 
from the spirit and scope of the present invention. 

By way of example, whilst the above -described 
flow sheet describes that the Stage 1 and Stage 2 Leach 
steps are carried out in single digesters 3 said 13, 
respectively, the present invention is not so limited and 
extends to arrangements that include multiple digesters 
for each stage. 

In addition, whilst the above -described flow 
sheet describes that the Stage 1 and Stage 2 Leach steps 
are carried out in separate digesters 3 and 13, 
respectively, the present invention is not so limited and 
extends to arrangements in which leaching of titaniferous 
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material ^^fcarried out in a single di^^^er, with return 
of residual solid phase to the digester and direct supply 
of raf finate from the solvent extraction step 9 to the 
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CLAIMS: 




1. A sulfate process for producing titania from a 

titaniferous material which includes the steps of: 

(a) leaching the solid titaniferous material 
with a leach solution containing sulfuric 
acid and forming a leach liquor that 
includes an acidic solution of titanyl 
sulfate (TiOS0 4 ) and iron sulfate (FeS0 4 ) ; 

(b) separating the leach liquor and a residual 
solid phase from the leach step (a) ; 

(c) separating titanyl sulfate from the leach 
liquor from step (b) ; 

(d) hydrolysing the separated titanyl sulfate 
and forming a selected particle size 
distribution of hydrated titanium oxides 
from titanyl sulfate; 

(e) separating the solid phase containing 
hydrated titanium oxides and a liquid phase 
that are produced in the hydrolysis step 
(d) ; and 

(f) calcining the solid phase from step (e) and 
forming titania. 

2 . The process defined in claim 1 includes 

controlling the hydrolysis step (d) to produce a selected 
particle size distribution of the hydrated titanium oxides 
product. 

3 . The process defined in claim 1 includes 

controlling the hydrolysis step (d) to produce coarse 
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hydrated ^^knium oxides, ie oxides hax^n a 
of at least 0 . 005-0 • 01mm (i.e. 5-10 micron). 




4. The process defined in claim 1 includes 

5 controlling the hydrolysis step (d) to produce fine 

hydrated titanium oxides, ie oxides having a particle size 
of less them 0.0003 mm (i.e. 0.3 micron). 



5. The process defined in any one of the preceding 

10 claims includes a further leach step of leaching the 

residual solid phase from step (b) with a leach solution 
containing sulfuric acid and forming a leach liquor that 
includes an acidic solution of titanyl sulfate and iron 
sulfate and a residual solid phase. 

15 

6 • The process defined in claim 5 wherein the 

further leach step includes separating the leach liquor 
and the residual solid phase. 

2 0 7. The process defined in claim 5 wherein the 

further leach step includes supplying the separated leach 
liquor to the leach step (a) and/or mixing the separated 
leach liquor with the leach liquor from step (b) • 



25 8. The process defined in any one of claims 5 to 7 

includes carrying out the leach step (a) and the further 
leach step in the same vessel • 

9 • The process defined in claim 8 includes returning 

30 the residual solid phase from step (b) to the vessel, 
wherein the residual solid phase forms part of the 
titaniferous material subjected to leaching in the leach 
step (a) . 

35 10. The process defined in any one of claims 5 to 7 

includes carrying out the leach step (a) and the further 
leach step in a separate vessel or vessels. 
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11. The process defined in claim 10 wherein the 
further leach step includes supplying the residual solid 
phase from step (b) to the vessel or vessels. 

5 

* 

12 . The process defined in any one of the preceding 
claims wherein the leach step (a) and/or the further leach 
step includes selecting and/or controlling the leach 
conditions in the leach step or steps to avoid undesirable 

10 amounts of premature hydrolysis of hydrated titanium 

oxides and undesirable amounts of premature precipitation 
of titanyl sulfate. 

13 . The process defined in claim 12 wherein the leach 
15 conditions include any one or more than one of acid 

concentration, leach temperature and leach time. 

14. The process defined in claim 12 or claim 13 
includes selecting and/or controlling the acid 

20 concentration to be at least 350 g/1 sulfuric acid 

throughout the leach step (a) and/or the further leach 
step when operating at a leach temperature in the range of 
95°C to the boiling point in order to avoid premature 
hydrolysis . 

25 

15. The process defined in any one of claims 12 to 14 
includes selecting and/or controlling the acid 
concentration at the end of the leach step (a) and/or the 
further leach step to be less than 450 g/1 when operating 

30 at a leach temperature in the range of 95°C to the boiling 
point in order to avoid an undesirable amount of premature 
precipitation of titanyl sulfate. 

16. The process defined in any one of claims 12 to 15 
35 includes selecting and/or controlling the leach conditions 

so that the titanium ion concentration in the leach liquor 
is less than 50 g/1 in the leach liquor at the end of the 
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leach stei fe) and/or the further leacKAep 



17. The process defined in claim 16 includes 

selecting and/or controlling the leach conditions so that 
5 the titanium ion concentration in the leach liquor is 40- 
50 g/1 in the leach liquor at the end of the leach step 
(a) and/or the further leach step. 



18 . The process defined in any one of the preceding 

10 claims includes carrying out the leach step (a) and/or the 
further leach step in the presence of an additive that 
accelerates the rate of leaching the titaniferous 
material. 



15 19. The process define in claim 18 wherein the 

leaching accelerant is selected from a group that includes 
iron, a titanium (III) salt, a thiosulfate salt, sulfur 
dioxide or any other reduced sulfur containing species. 

2 0 20. The process defined in any one of the preceding 

claims includes carrying out the leach step (a) and/or the 
further leach step in the presence of a reductant that 
reduces ferric ions to ferrous ions in the acidic solution 
or solutions of titanyl sulfate and iron sulfate produced 

25 in the leach step (a) • 



21. The process defined in claim 20 wherein the 

reductant is selected from a group that includes iron, a 

■ 

titanium (III) salt, a thiosulfate salt, sulfur dioxide or 
30 any other reduced sulfur containing species. 



22 . The process defined in any one of the preceding 

claims includes the steps of precipitating iron sulfate 
from the leach liquor from step (b) and separating 
35 precipitated iron sulfate from the leach liquor prior to 
the titanyl sulfate separation step (c) . 
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23 • 1 process defined in any odjj pf the preceding 

claims includes using at least part of the leach liquor 
remaining after separation of titanyl sulfate in step (c) 
as at least part of the leach solution in the leach step 
(a) and/or in the further leach step. 



24. The process defined in claim 23 wherein the 
titanyl sulfate separation step (c) includes a solvent 
extraction step of extracting titanyl sulfate from the 

10 leach liquor from step (b) into a solvent and thereafter 
stripping titanyl sulfate from the solvent and forming a 
solution that contains titanyl sulfate and thereafter 
hydrolysing the titanyl sulfate- containing solution in the 
hydrolysis step (c). . 

15 

25. The process defined in claim 24 includes using at 
least part of a raffinate from the solvent extraction step 
as at least part of the leach solution in leach step (a) 
and/or in the further leach step. 

20 

26. The process defined in claim 25 wherein the leach 
solution in the leach step (a) and the further leach step 
includes the raffinate and make-up fresh sulfuric acid. 



25 27. The process defined in claim 25 or claim 26 

wherein the raffinate from the solvent extraction step has 
an acid concentration of at least 250 g/1 sulfuric acid. 



28. The process defined in any one of claims 24 to 
30 27 wherein the solvent extraction step includes contacting 

the leach liquor with the solvent and a modifier. 

* 

29. Hydrated titanium oxides that have been produced 
by (a) leaching a titaniferous material (such as ilmenite) 

35 with sulfuric acid and forming a leach liquor that 

includes an acidic solution of titanyl sulfate and iron 
sulfate and thereafter (b) separating titanyl sulfate from 
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the leacl^^juor and thereafter (c) hy<(^^ysing titanyl 
sulfate and are characterised in that the hydrated 
titanium oxides include coarse particles of at least 0.005 
mm (5 micron) . 



1/2 




2/2 




INTERNATIONAL SEARCH REPORT 



CLASSEFICATI 



SUBJECT MATTER 



It 



International application No. 
PCT/AU03/01385 



Int. CL 7: C22B 3/08, 3/00, 3/44, 34/12 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
REFER ELECTRONIC DATA BASE CONSULTED 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

DWPI, IPC: C22B 3/08, 3/00, 3/44, 34/12 AND LEACH+, UXIV+ > TITAN+, SULF+, SULPH+ 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to 
claim No. 



US 6375923 B (DUYVESTEYN et al.) 23 April 2002 
whole document 

US 6048505 A (MILLER et al.) 11 April 2000 
whole document 

US 5277816 A (WATANABE) 11 January 1994 
whole document 

US 4986742 A (DENECKER et al.) 22 January 1991 
whole document 



1-29 



1-29 



1-29 



1-29 



♦ 

"A" 



•tp>t 



X] Further documents are listed in the continuation of Box C [x] See patent family annex 



Special categories of cited documents: 
document defining the genera] state of the art 
which is not considered to be of particular 
relevance 

earlier application or patent but published on or 
after the international filing date 

document which may throw doubts on priority 
claim(s) or which is cited to establish the 
publication date of another citation or other special 
reason (as specified) 

document referring to an oral disclosure, use, 
exhibition or other means 

document published prior to the international filing 
date but later than the priority date claimed 



H*J*II 



later document published after the international filing date or priority date 
and not in conflict with the application but cited to understand the principle 
or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is combined 
with one or more other such documents, such combination being obvious to 
a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
5 December 2003 



Date of mailing of the international search report 

1 5 DEC 2003 



Name and mailing address of the ISA/AU 

AUSTRALIAN PATENT OFFICE 
PO BOX 200, WODEN ACT 2606, AUSTRALIA 
E-mail address: pct@ipaustralia.gov.au 
Facsimile No. (02)6285 3929 



Authorized officer 

B. PREMARATNE 

Telephone No : (02) 6283 2407 



Form PCT/ISA/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



C (Continuation). 



DOCll 



CONSIDERED TO BE RELEVANT 



Category* 



m 



International application No. 
PCT/AU03/01385 



Citation of document, with indication, where appropriate, of the relevant passages 



US 4288416 A (DAVIS et al.) 8 September 1981 
whole document 

US 4275040 A (DAVIS) 23 June 1981 
whole document 

US 3067010 A (R. S. LONG et al.) 4 December 1962 
whole document 

WO 02/48412 A (HIGH-VELD STEEL AND VANADIUM CORPORATION 
LIMITED) 20 June 2002 
whole document 

* 

CA 1293356 A (BAYER AKTIENGESELLSCHAFT) 24 December 1991 
whole document 



Relevant to 
claim No. 



1-29 



1-29 



1-29 



1-29 



1-29 



Form PCT/1S A/2 1 0 (continuation of Box C) (July 1 998) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International application No. 
PCT/AU03/01385 



This Annex lists the known "jwJ^Blication level patent family members relating 
above-mentioned international^IKh report. The Australian Patent Office is in no 
which are merely given for the purpose of information. ; 




patent documents cited in the 
ay liable for these particulars 



Patent Document Cited in 
Search Report 






Patent Family Member 






US 6375923 


AU 


19128/01 


AU 


54886/00 


AU 


54887/00 




CA 


2375623 


CA 


2377241 


CA 


2377261 




EP 


119437.8 


EP 


1 194379 


EP 


1194380 




US 


6440383 


US 


6548039 


WO 


0100530 




WO 


0100531 


WO 


0112555 






w » a y a\ a a a. ^ 

US 6048505 


A V T 

AU 


67944/98 


CA 


2323671 


EP 


1015386 




WO 


9854095 


ZA 


9805177 






US 5277816 


CA 

JP 


2035085 
4119919 


EP 


* 

0440406 


JP 


3223114 


US 4986742 


DE 
US 


3524053 
4734271 


EP 


0207403 


III 
JP 


62012616 


US 4288416 


AU 


60677/80 


BE 


886327 


BR 


8004975 




CA 


1157230 


DE 


3030177 


A*+ 

ES 


8106679 




FI 


802512 


FI 


830574 


FR 


a J ✓* a AAA, 

2463099 




GB 


2055781 


IN 


154400 


JP 


AW A* Af\ A A\ ^% A 

56037220 




NL 


8004490 


NO 


802349 


PL 


226166 




US 


At A A A J 4 A 

4288418 


YU 


190980 


YU 


a\ *v a 

279782 


* 


ZA 


A A ji-v a A 

8004803 










US 4275040 


AU 


64638/80 


BE 


886430 


BR 


A A mm A -J A 

8007849 




CA 


1150952 


DE 


3045248 

• 


ES 


8200406 




FI 


803693 


FR 


2483465 


GB 


2076789 




IN 


155138 


JP 


57011826 


KR 


8302388 




NL 


8006503 


PL 


' 228164 


YU 


A/T AO A 

306080 




ZA 


8007482 










US 3067010 


NONE 












WO 0248412 


AU 
ZA 


62583/01 
200104774 


CA 


2431257 


EP 


1341939 


CA 1293356 


DE 


3513120 


EP 


0197507 


* 




END OF ANNEX 



Form PCT/IS A/210 (citation family annex) (July 1998) 



